Introduction
There is no dispute on the recent rises and needs for new and consistent scientific information in the field of research on micelles 1 . Surface active substances SAS , popularly called surfactants, form micelles of different characteristics and they have been discovered for the past 10 decades 2 . It has also been unanimously believed that changes in micelles behaviors, from one structural feature to another, are related to the counterion X affinity to their surfaces 3 8 and different studies on qualitative NMR studies on the affinity of X ions 4, 6, 8 . Some di-substituted benzoate salts were studied based on NMR and the counterions X including 3,5-Cl 2 C 6 H 3 CO 2 were reported to be inserted into the micellar hydrophobic core/hydrophilic head interface 9 . Rheological studies, small angle neutron scattering SANS , and cryo-TEM images have also revealed the micellar growth and its formation for the X ions 10 .
There have been quite a number of studies that provided various kinetic models which were used to correlate quantitatively the observed data for the rate of micellar catalyzed reactions 11 . However, most of the studies were focused on pure micellar system 12 and very few were reported based on mixed micellar system 13 . Furthermore, theoretical studies on the structure of mixed micelles began a few decades ago 14 and the detail explanations on their characteristic features are not yet well cleared relative to those of pure micellar systems. There was an attempt, in 1998 15 , to explain observations based upon the effects of mixed micelles on the kinetic reaction rate using Multiple Micellar Pseudo Phase MMPP models. But that was carried out to study the mixed anionic-nonionic micellar combination. Another study 16 , however, presented the use of Pseudo Phase Micellar PPM model to explain the rate of reactions affected by the mixed cationic-nonionic micellar system. The PPM model merged with an empirical equation equation 1 17 was used to treat the results obtained in this study.
where K S is the HDABr micellar binding constant of the anionic reactant, S , and equals to K S 0 in the absence of X , K X/S denotes empirical constant and its value indicates the ability of X to transfer anionic reactant, S , from pure HDABr micelles to bulk aqueous phase 18 .
The behavior of pure cationic micelles HDABr , for the reaction of piperidine with ionized phenyl salicylate, in the presence of MX, 3,5-dichlorosodium benzoate 3,5-Cl 2 C 6 H 3 CO 2 Na , was recently studied 19 . However, the article has not reported such behavior in the presence of mixed micelles. It has been known for nearly three decades that the counterionic salts affect the physicochemical properties of mixed aqueous ionic-nonionic surfactants 20 22 . Effects of the concentrations of moderately hydrophobic counterions on the structural features of mixed aqueous ionic-nonionic surfactants have been reported rarely, although such systems are very important industrially as well as technologically 20 . The effects of sodium benzoate NaBz , sodium hexanoate NaHx and NaCl on the associated physicochemical properties of polymer-cationic surfactant mixed system have been studied and the qualitative interpretation of the findings is given in detail 20, 23 25 . A quantitative interpretation of the results of these 20 25 and related studies 26 29 is difficult because of the unavailability of the values of the counterion binding constants with the ionic surfactants in the absence and presence of nonionic surfactant or polymer. In the continuation of our study on the determination of the hydrophilic and moderately hydrophobic counterions binding constants with HDABr in the absence and presence of C 16 
Experimental
Commercially and commonly found reagent-grade chemicals such as piperidine Pp , phenyl salicylate PhSH , hexadecyltrimethylammonium bromide HDABr , polyethylene glycol hexadecyl ether C 16 E 20 , and sodium bromide NaBr were used as received. 3,5-Dichlorobenzoic acid 3,5-Cl 2 C 6 H 3 CO 2 H was obtained from Aldrich with 97 purity but it was recrystallized before use. The standard solutions of 0.2 M MX 3,5-Cl 2 C 6 H 3 CO 2 Na were prepared by adding 0.25 M NaOH to 0.2 M solution of 3,5-Cl 2 C 6 H 3 CO 2 H. The 0.01 M stock solution of PhSH was prepared in acetonitrile while that of 1.0 M Pp was prepared using distilled deionized water.
Kinetic Method
Pseudo first order rate law kinetics has been used to monitor the rate of nucleophilic reaction of Pp with ionized PhSH PhS in this study. A large number of experiments involving mixture of substances 0.10 M Pp, 0.2 mM PhSH, 0.03 M NaOH and various concentrations of MX 3,5-Cl 2 C 6 H 3 CO 2 Na were subjected to spectrophotometric studies to monitor the disappearance of PhS at 370 nm and 35 in the presence of pure HDABr and mixed HDABr-C 16 E 20 . The details and the outcome of the investigation were described elsewhere 17 . The rate law was taken care of by maintaining the ratio of PhS T : Pp T as 1 : 500 with T signifying the total concentration. The time taken for the reaction and the UV light absorbed by the mixture is related to equation 2 .
A obs PhS 0 δ app expt k obs t A 2 where A obs absorbance at time, t, PhS 0 initial concentration of PhS , δ app apparent molar extinction coefficient/molar extinction coefficient times the optical path length, k obs observed pseudo first order rate constant, and A A obs at t . Equation 2 was used to find the values of δ app using the nonlinear least-squares method and the results were analyzed as described elsewhere 17 . 31 and this has been explained elsewhere 31 .
Rheological study
This study was conducted with the total volume of the sample of 10 mL at i constant concentration of Pp, PhSH, NaOH, and MX in the presence of pure HDABr and ii constant concentration of Pp, PhSH, NaOH, and MX in the presence of mixed HDABr-C 16 E 20 . Both were achieved at various MX range 0.004 to 0.070 M using Anton Paar MCR301 rheometer at two different temperatures 25 and 35 . The double gap cylinder DG26.7/T200/SS having 26.661 mm external diameter and 24.656 mm internal diameter was used as a sample container. During the flow curve measurement, the values of steady-shear viscosity η were determined and the shear rate was at the range of 0.010-1000 s 1 . The details of the rheometric measurements are according to what were described in the past 32 . Scheme 1 Brief reaction mechanism of the aqueous piperidinolysis of PhS . Table  1 . Table 2 . . Different values of shear viscosity η at various shear rates γ ・ were determined. The results are presented, using log-log sketches of η vs γ ・ , in Figs. 5a and 5b at, respectively, 25 and 35 . 17 and are presented in Table 3 .
Results

Effect of ［NaBr］ on k obs for the piperidinolysis of PhS
The values of K X/S and θ, obtained at different HDABr T , were calculated using equation 3 and are presented in where F X/S is an empirical constant and its appearance in equation 6 is described in detail elsewhere 34 , k W 2 represents second-order rate constant for the nucleophilic reaction of Pp with ionized PhSH PhS .
Ion exchange catalysis
Perhaps it is noteworthy that the observed data described in Tables 1 and 2 , and the plots of Figs. 1-4 where the increase in k obs with increasing MX represents catalytic effects of MX. The study carried out to discover the effects of MX sodium 4-chlorobenzoate on k obs for piperidenolysis of PhS revealed the decrease of nearly 10 with the increase in MX from 0.0 to ≤ 0.2 M at constant C 16 were turned out to be exactly the same at a particular value of HDABr T which is evident from Tables 1, 2 are presented in Table 3 . Apparent experimental proof reported that there exists a consistently respective increase and a decrease in hydrophobicity and hydrophilicity of micellar region when the separation between the interior and exterior surfaces of the micelles is increased 37 . The counterion X 3,5-Cl 2 C 6 H 3 CO 2 has chloro substituents Cl and a carboxylate ion COO which are, respectively, hydrophobic and hydrophilic in nature. The two chloro substituents, at position 3 and 5 of X, are assumed to be in a micellar region of almost similar hydrophilic and hydrophobic character. Thus, considering the reported value of K X Br 50 for 3-ClC 6 H 4 CO 2 19 , the value of K X Br for 3,5-Cl 2 C 6 H 3 CO 2 supposed to have been around 100 if, and only if, the free energy factor at the expense of groups located at the aromatic segment would be significant. However, the mean value of K X Br , Table 3 for 3 [ Table 4 were found to increase with the increase in HDABr T and almost independent of C 16 E 20 T . However, these values are comparatively higher than those obtained in the presence of pure HDABr Table 4 are independent of both HDABr T and C 16 E 20 T and increased compared to those in Table 3 . These seem different from the previously reported study 39 and the reason, however, could be because of the 3.3 to 8. Figs. 5a and 5b which show unique characteristics of spherical micelles. Some flow curves, at ≥ 0.015 to ≤ 0.025 M 3,5-Cl 2 C 6 H 3 CO 2 Na , experience shear thinning which indicates a non-Newtonian fluid system. This characteristic shows the existence of wormlike micelles 41 in the solution.
However, at ≥ 0.040 to ≤ 0.070 M 3,5-Cl 2 C 6 H 3 CO 2 Na , the system turned back to the shear thickening behavior with relatively higher viscosity values Figs. 5a and 5b 42 . The presence of 0.006 M C 16 E 20 in the mixed HDABr-C 16 E 20 micelles gives different results at the same 3,5-Cl 2 C 6 H 3 CO 2 Na . All the 12 flow curves in Figs. 6a and 6b give mild shear thickening behavior at a reasonably high shear rate under the entire experimental conditions. It has been concluded that very dilute solution with a very low shear viscosity at a very high shear rate exhibits what is called Taylor effect and these could be caused by the presence of C 16 E 20 as a nonionic surfactant. These observations revealed the presence of only spherical micelles under such experimental conditions.
The plot in Fig. 7 representing η o against 3,5-Cl 2 C 6 H 3 CO 2 Na reveals the existence of two well-defined maxima Despite the fact that reports on the occurrence of maxima in the graph of shear viscosity against MX for a solution of cationic surfactants are almost common 43 45 , the detailed explanation of the reaction for the source of those maxima has not yet been apprehended at the molecular level 43, 46 . Nonetheless, it has been accepted from previous reports 43, 47 that the appearance of these maxima under such experimental conditions is a sign of the presence of wormlike/twisted wormlike micelles in a solution. Contrarily, there was no existence of maxima Although specific ion effects on structural features of aqueous ionic surfactant aggregates have been known for the last nearly more than ten decades and thousands of papers have published, the basic forces responsible for such specific effect remain unclear both theoretically and experimentally 48 . It is considered to be useful to develop reversible micelle-vesicle conversions by changing a physical parameter such as pH, temperature or pressure of the medium. Such approach might provide an understanding of fundamental principles of aqueous surfactants structural transitions from micelles to vesicles 49 . The study described in the present manuscript reveals that the presence of 6 mM C 16 E 20 has caused almost complete transformation of mixed vesicles and wormlike micelles to mere spherical micelles. Similarly, the presence of 6 mM C 16 
